As decreased bone mineral density (BMD) is a common problem in cystic fibrosis (CF) and milk products may have pivotal dietary role affecting BMD, we aimed to assess the potential influence of adult-type hypolactasia (ATH) and lactose malabsorption (LM) on BMD in adolescent and young adult patients. In 95 CF pancreatic-insufficient patients aged 10-25 years (without liver cirrhosis, steatosis and cholestasis, diabetes mellitus, systemic glucocorticoid therapy), lumbar BMD, the nutritional status, pulmonary function, vitamin D3 concentration, calcium intake and single-nucleotide polymorphism upstream of the lactase gene were assessed. In subjects with the À13910 C/C genotype predisposing to ATH, the presence of LM was determined with the use of a hydrogen-methane breath test (BT). BMD and calcium intake were significantly lower in patients with the C/C genotype (Po0.028 and Po0.043, respectively). The abnormal BMD was stated more frequently in patients with the C/C genotype (Po0.042) and with LM (Po0.007). BMD, daily calcium intake and serum vitamin D concentration were significantly lower in LM subjects than in the other patients (Po0.037, Po0.000004 and Po0.0038, respectively). In logistic regression analysis, the relationship between examined parameters and BMD, was found to be statistically significant (Po0.001). However, only standardized body weight and LM were documented to influence BMD (Po0.025 and Po0.044, respectively). In conclusion, LM seems to be an independent risk factor for decreased BMD in CF patients.
INTRODUCTION
Cystic fibrosis (CF) is the most common genetic disease within the Caucasian population. Approximately 60 000 individuals with CF are currently living in North America and Europe, 40% of whom are adults. 1 Although bone disease in CF was first described in 1979, 2, 3 it has only recently received the proper attention as a result of the increase in life expectancy of CF patients. Their life span has increased from approximately 2 to 37 years of age over the past 3 decades, 4 a time period which allows for the occurrence of bone disease. Decreased bone mineral density (BMD) is a common problem in this population, which affects quality of life and contributes to morbidity. A decrease in the quantity of bone minerals can cause pathological fractures and kyphosis, leading to intensified pain and decreased lung function. Severe bone disease may result in exclusion in qualification for lung transplantation, a life-saving treatment for individuals with CF. 1, 5 Patients with CF have many risk factors for reduced BMD. Important contributing conditions include: malabsorption of vitamin D, 6 poor nutritional status, 7, 8 low physical activity, 9 glucocorticoid therapy 7 and delayed pubertal maturation or early hypogonadism. 8 Additionally, chronic pulmonary inflammation due to an increase in serum cytokine levels may stimulate increased bone resorption and decreased bone formation. 10 Optimal nutrition, vital for reaching and maintaining proper bone mass, remains a key-challenge in patients with CF. Most of them require a high-energy diet, and those with exocrine pancreatic insufficiency should also receive pancreatic enzyme replacement therapy. 11, 12 The deficiency of pancreatic elastase-1 (not included in pancreatic supplements), the enzyme necessary for digestion of elastin fibers (a component of meat), points to dairy products as being a potentially important source of protein. Moreover, calcium and vitamin D intake from dairy products, two nutrients that are crucial nutrients for bone accrual and mineralization, should be also considered.
Adult-type hypolactasia (ATH) is the most common genetically determined cause of milk intolerance in children, adolescents and adults and the most common enzyme deficiency in humans. 13 Lactase (LCT (MIM 603202)) is necessary for the digestion of lactose, the major carbohydrate found in milk. 14 ATH inherited as an autosomal recessive trait leads to the downregulation of LCT activity in the intestinal mucosa (hypolactasia) and is the main reason of exclusion milk products from the diet worldwide. 15, 16 The homozygous form of allelic variant C at position 13910 (C/C À13910 ) upstream of the LCT gene (NM_005915.4:c.1917 þ 326C4T; rs4988235) is strongly associated with ATH, whereas the homo-or heterozygous genotype of T allele (T/T À13910 or C/T À13910 ) results in lactase persistence. 17 LCT activity reduction is a process that occurs progressively over time; hence, to determine the current clinical LCT state, it is necessary to use additional methods like an intestinal biopsy or a non-invasive one, such as hydrogen or hydrogen-methane breath test.
Only recently has it been demonstrated that the percentage of CF subjects with a genotype predisposing to ATH is similar to that observed in the healthy Caucasian population, which exceeds 30%. However, lactose malabsorption (LM), as a clinical manifestation of ATH in young people, is significantly less frequent in healthy subjects and CF patients. 18 Taking into account the expected pivotal dietary role of milk products in CF subjects, the aim of the study is to assess the potential influence of ATH and LM on BMD in adolescent and young adult patients.
SUBJECTS AND METHODS
A total of 95 CF patients of Polish origin aged 10-25 years (49 females and 46 males) with given consent were entered into the study. The inclusion criteria comprised of the following: -10-25 years of age, -a forced expiratory volume in 1 s (FEV 1)440%, -exocrine pancreatic insufficiency (fecal elastase-1 o100 mg/g).
The exclusion criteria comprised of the following:
-liver cirrhosis, steatosis and cholestasis, -diabetes mellitus, -systemic glucocorticoid therapy.
Diagnosis of CF was based on history, clinical manifestation and increased sweat chloride concentrations, and confirmed by the CFTR gene analysis. The following mutations on alleles were found (n): F508del (132), CFTR dele2,3(21kB) (12), N1303K (6), 1717-1G-A (6), R533X (4), G542X (3), 2143delT (2), W1282X (2), 2184insA (2), G551D (1), 622GA (1), LT2143 (1), unknown mutations (18) . A total of 56 patients were F508del homozygous and 20 were F508del heterozygous.
In all study participants, the nutritional status, lumbar BMD, pulmonary function, serum vitamin D3 concentration, calcium intake, and singlenucleotide polymorphism upstream of the lactase gene were assessed. In subjects with the À13910 C/C genotype (which predisposes to ATH), the presence of LM was determined with the use of a hydrogen-methane BT. The details of the applied methodologies concerning genetic testing and hydrogen-methane breath testing are described elsewhere. 18, 19 BMD was assessed in the lumbar spine (L2-4) with the use of dual-emission X-ray absorptiometry, bone densitometer Lunar DPX-IQ; version 4.7e ( Madison, WI, USA). A BMD value of o À1 was assumed to be abnormal. In order to verify pulmonary function, the FEV1 expressed as a percentage of the vital capacity of lungs was determined. Serum vitamin D concentration was assessed in the fasting venous blood using DiaSorin RIA Double Antibody assay (DiaSorin, Stillwater, MN, USA). All subjects completed a 7-day food intake diary in order to assess daily calcium intake. 20 Body weight and height were expressed as Z-scores (age-and sex-specific SD scores). 21 The differences in clinical parameters between the subgroups with various À13910 C/T lactase promoter genotypes, as well as between subjects with normal lactose absorption (NLA) and LM were analyzed using the WhitneyMann test. Moreover, the differences in the distribution of normal/abnormal BMD in the selected groups were compared using w 2 test. The influence of clinical parameters on the presence of abnormal BMD was determined with a use of logistic regression analysis. All statistical analysis were performed using Statistica 9.1. (StatSoft Inc., Tulsa, OK, USA, 2010).
The protocol of the investigation was approved by the Bioethical Committee of the Poznań University of Medical Sciences, Poland.
RESULTS
The detailed characteristic of the group has been summarized in Table 1 . The distribution of normal and abnormal BMD in subgroups of CF patients has been presented in Table 2 . The abnormal BMD was stated more frequently in patients with the C/C genotype and with LM.
Clinical parameters of subgroups with different À13910 C/T lactase promoter genotypes have been listed in Table 3 . BMD and calcium intake were significantly lower in patients with the C/C genotype than in the other subgroups. On the other hand, those patients were significantly older.
Clinical parameters of subgroups with LM and NLA have been presented in Table 4 . BMD, daily calcium intake and serum vitamin D concentration were significantly lower in LM subjects than in NLA individuals.
Through the use of logistic regression analysis, the relationship between previously mentioned factors (age, body weight and height, the presence of the F508del and À13910 C/C genotype, lung function, calcium intake and vitamin D concentration) and the studied variable, BMD, was found to be statistically significant (Po0.001). Standardized body weight and LM were documented as an independent risk factors of decreased BMD (Po0.025 and Po0.044, respectively; OR (95% CI): 3.33 (1.17-9.52) and 13.11 (1.07-160.63), respectively).
DISCUSSION
We proved in the present study that an abnormal BMD is significantly more frequent in CF patients with the C/C genotype and with LM. However, logistic regression showed that LM exclusively is a statistically significant risk factor for low BMD. According to a review of Low BMD and lactose malabsorption in cystic fibrosis E Madry et al the literature related to the topic, this is the first study evaluating the impact of LM on BMD in the CF population, in which-beyond lung disease-nutritional status and bone disease are nowadays the key life-limiting factors. 5 In the present study, several risk factors associated with comorbid conditions and CF treatment, which could have had a possible influence on BMD, were eliminated from the analysis through the use of restrictive inclusion and exclusion criteria. The results of our study confirmed the importance of nutritional status for BMD, which remains in line with the findings by Gray et al 22 and Tschopp et al 23 in which low body mass index/ body weight has been linked to low BMD, especially in adolescents and young adults. It is expected that in the general adult population, 24 aging is associated with a lowering of BMD. In the present study, a tendency towards such a relationship was stated (P ¼ 0.099 for both equations). It seems that limited range of age in the subjects studied might be responsible for the lack of statistical significance. The age of the patients studied ranged from 10 to 25 years. However, they were predominantly young adolescents (median age of 13.6 years). King et al. 25 did not observe a relationship between age and BMD, which should awaken a state of reflection, given that their studied group consisted of adults aged 19-59. In light of other clinical studies, the annualized rate of BMD loss in CF patients approaches to those seen in postmenopausal women. 26, 27 Certainly, the monitoring of bone health and the starting of early intervention in CF patients is crucial owing to the poor bone status at a young age, which deteriorates as the patient ages. 5 Interestingly, King et al 25 have shown that the presence of the delF508 mutation is an independent risk factor of reduced BMD. We did not confirm this observation (logistic regression; P ¼ 0.732 and 0.815, respectively). A possible explanation of this discrepancy may be the criteria for the study group selection. In contrary to the abovementioned study, we factored into the analysis only pancreatic insufficient patients. Comparing the results, we could speculate that rather mild CFTR mutations might exert a protective effect, promoting milder disease and a better clinical status in regards to BMD.
There have been several studies indicating that CF patients in childhood and puberty achieve approximately half of the bone density of that in their healthy counterparts. 8, 28, 29 Physiologically, bone mineralization requires optimal diet, with adequate protein and calorie intake, adequate calcium, vitamin D and K supply, and sufficient physical activity. CF can virtually disrupt each of these elements. 30 Calcium is an important component for bone metabolism and is essential for the maintenance of skeletal health. Schulze et al 31 showed that increased calcium absorption in young women with CF was associated with increased rates of bone calcium deposition. One of the most important sources of calcium and vitamin D in the diet is milk and dairy products. Potentially, LM could be an important factor influencing the biological effect of these products consumption. In the present study, we verified LM with the use of BT. In the subgroup of patients with LM, calcium intake (52.5 vs 106.0% RDA; P ¼ 0.000004) and vitamin D serum concentration (13.8 vs 24.3; P ¼ 0.0038) were Table 3 Clinical parameters of subgroups with different À13910 C/T lactase promoter genotype significantly lower than those in the NLA subjects (Table 4) . Body weight and height did not differ between groups. However, BMD was significantly lower in patients with LM (Z-score À1.53 vs À1.24; P ¼ 0.037). Although vitamin D levels and calcium intake were very low, we did not find a direct relationship with BMD. To some extent, this does seem to be justified, because BMD reflects bone health over the lifetime of the patient, and current vitamin D concentrations may fluctuate from season to season. 1, 25 On the other hand, both parameters are simply related to LM. Nonetheless, the use of logistic regression for analysis of the study results has shown the strong relationship of BMD with both body weight (Po0.025) and LM (Po0.044). When considering the influence of the À13910 C/C genotype using logistic regression analysis, a tendency towards the influence of calcium intake was found (Po0.087). This would point to a potential effect of dairy products ingestion. Moreover, calcium intake was significantly lower (Po0.043) in patients with a À13910 C/C genotype than in the other CF subjects. However, as was mentioned earlier, this seems to be simply related to LM. As documented in the present study, LM is an independent risk factor of low BMD in pancreatic insufficient CF subjects. This points to a need for specific dietary modification in this group of patients. Furthermore, the possible asymptomatic course of LM, as well as a frequent incidence of abdominal discomfort in CF patients, which may be identical to LM symptoms, indicates the need of performing tests for early LM detection. We strongly recommend that it should be carried out with the use of BT, as it is a reliable, non-invasive and inexpensive procedure.
A large amount of resources spent on dietary education and nutritional support brings about desired results and contributes in improving the body mass index and nutritional status of the CF population, which in turn extends the life expectancy of CF patients. 20 In the present study, we have proved that LM, not the presence of the F508del mutation or the À13910 C/C genotype, is an independent risk factor for decreased BMD in CF patients. Therefore, we recommend the consumption of small doses of dairy products divided between meals during the day for CF lactose malabsorbers. It is also worth putting an emphasis on the intake of fermented products, which are better tolerated than milk owing to their 'autodigestive' capacity. This stems from their content of b-galactosidase, the enzyme that may act in lactose digestion and may change gastric emptying and small intestine transit. [32] [33] [34] Additional work is needed to optimize the nutritional standards for the dairy products in CF lactose malabsorbers, so as to contribute to the prevention or reversal of poor bone health in this group of patients. CONCLUSION LM seems to be an independent risk factor for decreased BMD in CF patients.
